Abstract There appears to be an incompressible high rate of preterm births among populations of African origin irrespective of their geographic location. The objective of this study was to assess the risk factors for preterm birth in a French Caribbean population of African descent, offered medical care comparable to that on the French mainland, but presenting a higher rate of preterm birth. The study was based on a birth cohort at maternity hospitals in Guadeloupe (French West Indies) including 911 singleton pregnancies enrolled during their third trimester check-up visits. Associations between risk factors and the risk of preterm delivery (spontaneous and induced) were assessed using a multivariate Cox model. In addition, prevalences of sociodemographic and medical factors in Guadeloupe were compared with those on the French mainland. 144 women (15.8 %) delivered preterm, medically induced in 52 %. Women delivering preterm were more often over 35 years old (37 %), single (54 %), and had higher prevalence of prior preterm birth (20 %), prior miscarriage (37 %), lupus (3 %), asthma (14 %), gestational hypertension (26 %), gestational diabetes (13 %) and urinary tract infection (24 %) than women with term births. In the whole cohort, these risk factors were also more frequent than in mainland France. Our results suggest highly prevalent medical risk factors for preterm births in Guadeloupe. This observation combined with specific social risk factors (older maternal age, single living) less frequent on the French mainland probably explains a large part of a higher prevalence of preterm births in this population despite similar medical provision.
Introduction
The population of Guadeloupe, a French Caribbean Archipelago, is largely of African descent. The French National Perinatal survey, conducted periodically on a representative sample of births, reported a prevalence in 2003 of 9.7 % for preterm births in the French overseas territories including Guadeloupe, whereas the prevalence was 5.8 % in mainland France [1] . This difference was also seen in a multiethnic population in an area near Paris where women born in the French West Indies had a higher prevalence of preterm births (7.9 %) than either women born in mainland France (4.6 %) or women of all other origins except those born in sub-Saharan Africa [2] . An incompressible high rate of preterm births seems to be a common feature of populations of African origin, irrespective of their current geographic location (USA, Caribbean, or Africa) and independent of socioeconomic status and obstetrical care [3] . This higher rate of preterm birth in populations of African origin is not fully understood. A number of maternal or fetal characteristics have been reported to be associated with spontaneous or medically indicated preterm birth [4] [5] [6] .
Disentangling the respective contributions of maternal, medical and sociodemographic risk factors in a population of African descent with same health care access as that available on the French mainland may therefore help to elucidate the mechanisms involved. This may also provide clues for improving prevention.
We exploited the opportunity provided by the creation of a prospective epidemiological mother-child cohort (TIMOUN study) conducted by the French National Institute for Health and Medical Research (Inserm) in Guadeloupe. This birth cohort was established in 2006 to study the impact on pregnancy outcome and child development of prenatal exposure to the widespread pesticide pollution in Guadeloupe.
We collected personal medical and socioeconomic data, to compare the prevalence of risk factors in Guadeloupe with that on the French mainland and to study risk factors for preterm birth specific to this population.
Methods
The analysis was based on the TIMOUN birth cohort established in Guadeloupe (French West Indies). Between 2004 and 2007, 1,068 women attending check-up visits at public hospitals or dispensaries during their third trimester of pregnancy and having resided in Guadeloupe for more than 3 years were enrolled in the cohort. The refusal rate was about 7 %, and the most common reasons were: refusal of the spouse, did not wish to participate in the follow-up, or did not wish to provide biological samples. The biological specimens collected were maternal blood and cord blood during pregnancy, and maternal milk samples at 3 months; they were used to evaluate perinatal exposure to major organic pollutants and fatty acids. Participants provided written informed consent for participation, and the study was approved by the Guadeloupean Ethics Committee for studies involving human subjects.
At enrolment, the participants completed a standardized questionnaire during a face-to-face interview with midwives. The questionnaire covered sociodemographic characteristics (level of education, mother's and father's occupation, single living or not), medical and obstetrical history, and various lifestyle factors (tobacco, alcohol and drug consumption, diet during pregnancy and use of chemical products at work or at home). Alcohol consumption during pregnancy was ascertained on two occasions: during the interview at enrolment and after delivery.
After delivery, information was collected from midwives, pediatricians and hospital medical records about the medical history of the pregnancy, delivery, perinatal conditions, measurements and health status of the newborn at birth. Preterm birth was defined as a birth before 37 completed weeks of gestation [7] . Gestational age was estimated by the obstetricians in charge of the follow-up of the women from last menstrual dates and corrected by the early first-trimester ultrasound in cases of discrepancy in estimation of more than 1 week; in such cases, the early first-trimester ultrasound estimation was retained. Preterm births were classified into two clinical subtypes, according to the mechanism of onset of the delivery: spontaneous or induced [4, 8] . Spontaneous preterm birth results from the spontaneous onset of labor or membrane rupture, independent of the mode of delivery (vaginal delivery or caesarean section). Medically induced preterm birth results from induction of delivery by the clinician due to maternal or fetal factors, either by medication or by caesarean section, before the onset of spontaneous labor [4] .
Various potential risk factors were investigated. Sociodemographic and lifestyle characteristics included maternal place of birth, age (\20, 20-34, C35), marital status, years of education (\5, 5-12, [12) , employment during pregnancy (yes, no), tobacco consumption during pregnancy (yes, no), alcohol consumption during pregnancy (yes = at least one drink during preceding week or one ''binge drinking'' session during the previous 3 months reported in the questionnaire administered at enrolment or the questionnaire administered after delivery, no). The woman's marital status was classified into three categories corresponding to family profiles common in Guadeloupe: single, living with partner, and single but living with family (an adult member of her family, typically mother, father, sister, or aunt). Medical factors included clinical and reproductive history [parity defined as the number of previous viable pregnancies (0, 1, C2), prior preterm birth (0, 1, C2), prior induced abortion including voluntary and medical termination of pregnancy (0, 1, C2), prior miscarriage (0, 1, C2)], timing of first ultrasound (in weeks of gestational age), presence of maternal disease and particularly lupus, asthma, hypertension before or during pregnancy, diabetes before or during pregnancy, first trimester metrorrhagia, urinary tract infection and vaginal infection during pregnancy, sex of the newborn (male, female), and body mass index (BMI kg/m 2 ) before pregnancy. BMI was classified into three groups: underweight (\18.5), normal weight (18.5-25) , overweight ([25) . Average weekly weight gain was calculated as the difference between the weight at inclusion (on average 27 WG) and the prepregnancy weight, divided by the number of weeks of gestation at inclusion. We chose the weight at inclusion rather than at delivery because we did not have measures for each women at delivery; this approach also avoided the period of non linear weight gain in late pregnancy. Weekly weight gain was categorized into three groups (low, medium, high), with cut-off points similar to those used in other studies [9] .
The analysis of determinants of preterm birth was restricted to women born in the Caribbean (Guadeloupe, Martinique, Haiti, Dominica) (n = 958). Cases involving multiple births (n = 25), major birth defects (n = 8) and induced pregnancies after fertility treatment (n = 15) were excluded, resulting in a study sample of 911 women.
Associations between individual risk factors and the risk of preterm birth (total preterm, spontaneous preterm, medically induced preterm birth) relative to term birth, were first estimated by calculating a hazard ratio (HR) using a Cox model accounting for left truncation that is a possible consequence of inclusion during late pregnancy [10] . Risk factors associated with preterm birth of at least one group (p \ 0.20) were then entered into a full multivariate Cox model. Maternal age and level of education were also systematically included in the model. For covariates with more than 2 % of values missing, an additional dummy category was created in the multivariate model. Adjusted hazard ratios and their 95 % confidence intervals were estimated. SAS statistical software (SAS Institute, Cary, NC, USA) was used for all statistical analyses.
In addition to internal comparison, the frequencies of risk factors were compared between Guadeloupe and the French mainland, where appropriate data were available from the French National Perinatal Survey [1] , a representative sample of all births in France in 2003.
Results
Most women of our sample were born in the French West Indies (Table 1) . About two thirds of them were enrolled at the University hospital.
Among the 911 women, 144 (15.8 %) delivered preterm: 68 of them (47.2 %) were spontaneous preterm births, 75 (52.1 %) were medically induced preterm births, and for one woman the type of preterm birth could not be traced. Among the preterm births, 135 (94 %) were born after 32 weeks of gestation. Gestational weeks at enrollment did not differ between spontaneous and induced preterm births and term births (27.2 ± 3 weeks). The timing of the first ultrasound, considered as a marker of adequate medical follow-up of pregnancy, was on average 11.9 weeks of gestation, and similar for preterm and term births. In our sample, there was no evidence of a difference in the length of pregnancy between spontaneous and induced preterm births. The global proportion of deliveries by caesarean section was close to 26 %. It was 54 % for induced preterm births and 31 % for spontaneous preterm births.
The only sociodemographic factors that were associated with the risk of preterm births were the site of inclusion (University Hospital) and being single (with or without family) ( Table 1) .
Maternal medical risk factors significantly associated with the risk of spontaneous preterm birth were prior preterm birth and lupus. The risk of induced preterm birth was increased among women with high BMI, high parity, prior miscarriage, asthma and chronic hypertension. It was reduced for women with prior induced abortion ( Table 2) . Low gestational weight gain was associated with the risk of spontaneous preterm birth and male babies were more likely than female to be spontaneously delivered before term (Table 3) . Gestational hypertension and gestational diabetes were the main pregnancy conditions associated with induced preterm birth ( Table 3) .
In the multivariate model, most of the associations listed above remained significant (Table 4) . For spontaneous preterm birth, the strength of the associations increased for maternal age, living single with family, prior preterm birth, and urinary tract infection. For induced preterm birth, associations with maternal overweight, parity and chronic hypertension disappeared, whereas the risks associated with living single and prior preterm birth increased. Overall, the main risk factors identified for preterm births were older maternal age, living single, prior preterm birth, asthma, gestational hypertension and urinary tract infection.
We compared the prevalence of risks factors for preterm birth in our study population with that on the French mainland (Tables 1, 2 and 3) . Various socio-demographic risk factors (Table 1) were much more prevalent than on the French mainland: older maternal age, being single, low level of education, being unemployed. However, some risk factors for preterm births were less prevalent than on the French mainland. For instance, tobacco smoking during pregnancy was rarely reported (4.0 %) and only 2.6 % were classified as drinkers. Medical factors were also more frequent in the study population, particularly prior preterm birth, prior miscarriage, and hypertension (Table 2) ; and almost half of the mothers were classified as overweight (BMI [ 25) . Several different diseases were frequently reported during pregnancy (Table 3) .
Discussion
We report a high rate of preterm birth (15.8 %) in our cohort of pregnant women in Guadeloupe. This rate is consistent with a previous estimate (17.7 %) based on births in the main maternity hospital in Guadeloupe in 1993/1994 [11] . It is higher than the estimate for all French overseas territories (9.7 %) including Guadeloupe, based on the representative sample of births studied by the French National Perinatal Survey, and is almost three times higher than the rate in mainland France reported by the same survey (5.8 %) [1] . We may have overestimated the rate of preterm birth, because our recruitment was mainly in maternities in public hospitals; in particular, the University hospital probably recruits pregnant women at higher risk of preterm birth. This may have led to oversampling of women suffering from diseases during pregnancy leading to a higher risk of preterm births. Indeed, a higher proportion of women in our sample than of women reported by the French Perinatal Survey presented with complications of pregnancy. Zeitlin et al. [2] also found that the proportion of women with hypertension during pregnancy was higher among those born in the French Caribbean and Indian Ocean than those born in mainland France. The higher prevalence of pregnancy complications in our sample than on the French mainland may thus be a consequence of both a selection bias of our population enrolled mainly in the University hospital and a true higher prevalence of some complications of pregnancy in this population of African origin. The proportion of preterm births resulting from induced deliveries (52 %) was much higher than that in continental France (33 %) and those reported in other surveys, and this again reflects the high prevalence of disease during pregnancy in our study population [4] . Mother's employment during pregnancy Medical conditions or history known to favour preterm birth, such as gestational hypertension (present in 12.0 % of the pregnancies), gestational diabetes (9.7 %), and previous miscarriage (27.5 %), were very frequent in this population and were strongly associated with the risk of induced preterm birth, confirming the findings of Goldenberg et al. [4] . We also observed high risks associated with other medical conditions less well characterised as risk factors for preterm births, notably lupus and asthma. Lupus affected 1.2 % of our cohort, whereas a rate of 0.12 % has been reported among Caribbean women (of all ages) in Martinique by Deligny et al. [12] . This high frequency of lupus in our cohort may be because pregnancies in women with lupus are considered to be high risk pregnancies and are therefore referred to University Hospitals. We found lupus to be associated with an increased risk of spontaneous preterm birth. In previous reports, this association has been explained as a consequence of the high frequency of hypertension, preeclampsia and infections among women with lupus [13] [14] [15] , which was not the case in our population. The prevalence of asthma in our cohort (10.4 %) was close to the recently estimated prevalence in the general population of Martinique (8.8 %) another, very similar, French West Indies Island [16] . Asthma is now recognized to be a risk factor for preterm birth and preeclampsia, although the physiopathogenic process involved is still a matter of debate [17] . The role of asthma medication is also the subject of discussion and Schatz et al. [18] reported an association between ingested corticosteroids, but not inhaled drugs, and the risk of preterm birth. In our population, asthma was more specifically associated with an increased risk of induced preterm birth. This association has been described in other studies, some of them reporting that women with asthma are more likely to require induction of labour, irrespective of the severity of their asthma [17, 19] . On the contrary, a detailed review interprets this association with the risk of preterm birth as being limited to severe or corticodependent forms of asthma [17] . This was not the case in our population, in which no complications of asthma during pregnancy were reported. This issue deserves further investigation. The significant association between the risk of spontaneous preterm birth and urinary tract infections is consistent with previous reports concerning black populations [20, 21] . Prior induced abortion was unexpectedly associated with a decreased risk of spontaneous preterm birth [22] . There are several possible reasons for this result. First, an underdeclaration of prior abortion for social or emotional reasons is possible. Also, some declarations of miscarriage may, in reality, refer to disguised voluntary abortion (by self-prescription). Finally, the sociodemographic profile of the women in our study declaring prior induced abortion is very different from that generally observed for subgroups of this type (except from being more often single): they were older and not less educated than those without prior induced abortion, and they more often already had children. Generally, adolescents and women over the age of 35 years are considered to be at increased risk of preterm birth. However, this association is the subject of debate and is difficult to study independently of the other socioeconomic and medical characteristics of women at the extremes of maternal age [23] . In our study, young maternal age (\20 years) was not a risk factor for preterm birth, although older age ([35 years) was associated with an increased risk of spontaneous preterm birth. Our findings confirm a previous study in Guadeloupe among women under 18 years old showing no excess risk of preterm birth in this age group [11] . This previous study suggested that one explanation for the results was the adequate follow-up of even very young women, independent of socioeconomic status due to free access to health care [11] .
Our data do not show any association with mother's education level or employment during pregnancy [24] [25] [26] . However, the number of women of low level of education in our study was small, such that the analysis had little power. We identified two categories of marital status, single mothers (living on their own) and single women living with their families, that were associated with a risk of preterm birth. The particular vulnerability of single women has already been repeatedly demonstrated [27, 28] . In our study, we identified another category, specific to our population: single women living with their family. These women may be subject to an accumulation of psychosocial risk factors, as was suggested in a previous study in Guadeloupe [29] . Further investigations including more detailed socioeconomic data are required to describe these women better and identify what makes them particularly vulnerable. The mechanisms by which sociodemographic factors may play a role in the risk of preterm birth have not been elucidated. Several authors have suggested that maternal psychosocial stress linked to poor living conditions may contribute [4, 30] . It is possible that there is a hormonal and inflammatory response to stress that involves the induction, via secretion of placental CRH (Corticotropin-Releasing-Hormone), of the secretion of prostaglandins that play a role in the induction of labor. The number of women in our population identified as smoking tobacco, drinking alcohol or consuming illicit drugs was very low, which may explain why we did not see an association between these factors and preterm birth. This low prevalence has been confirmed by a survey conducted recently among young Guadeloupean adults, showing consumption of these products to be two to four times lower than in mainland France [31] .
In our study, spontaneous preterm birth was more likely for male than female babies. This result is consistent with previous reports of a greater male susceptibility to spontaneous preterm birth [32, 33] . Such gender specificity has, however, rarely been observed in black populations. Some studies have described a higher incidence of premature preterm rupture of membranes among mothers carrying a male fetus [33] . In the EPIPAGE study (French very preterm birth cohort), this male excess in spontaneous preterm birth was more marked for preterm labor than for premature preterm rupture of membranes [34] . Various explanations involving the nature of the intrauterine environment (hormones, infections, hypertension) have been proposed, but the details of the mechanisms remain unknown [33] . In our cohort, hypertension was taken into account in the multivariate model and therefore cannot explain this male excess.
The high rate of preterm births among black women in the United States, persisting after adjustment for socioeconomic status and level of obstetrical care, has been partly attributed to stress generated by racial discrimination [3] . Our findings in Guadeloupe do not seem to be consistent with this hypothesis, because racial discrimination in this society is mainly directed towards migrants from other Caribbean islands (mostly from Haïti and Dominica). This migrant community makes up 12.5 % of our study population, but the rate of preterm birth in this group was not different from that for other women in Guadeloupe.
In conclusion, the analysis in our birth cohort suggests highly prevalent medical risk factors for preterm births in Guadeloupe. This observation combined with specific social risk factors (older maternal age, single living) that are more prevalent than on the French mainland probably explains a large part of a higher prevalence of preterm birth in this population despite similar medical provision. 
